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(57) ABSTRACT 

A metal layer 3, a light emitting layer section 4 and a ?rst 
electrode 5 are formed in the order on a ?rst main surface 7 
side of a conductive substrate 2 and a current is supplied to 
the light emitting layer section 4 through the ?rst electrode 
5 and the conductive substrate 2. By using re?ection on the 
metal layer 3, not only can good external quantum ef?ciency 

(JP) be realized, but electrodes or terminals can also be formed 
on both sides of the light emitting element. Thus, provided 

(21) Appl, No; 10/213,081 is a light emitting element excellent in external quantum 
ef?ciency thereof and in addition, not only simple in struc 

(22) Filed: Aug. 7, 2002 ture of a terminal lead thereof but excellent in convenience. 
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LIGHT EMITTING ELEMENT AND METHOD FOR 
MANUFACTURING THE SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a light emitting 
element and a method for manufacturing the same. 

DESCRIPTION OF THE BACKGROUND ART 

[0002] Materials used in light emitting elements such as a 
light emitting diode and a semiconductor laser and element 
structures thereof have been technically progressed for many 
years and as a result, an internal quantum ef?ciency in the 
interior of the element has been gradually closer to a 
theoretical limit. Thereto, in order to obtain an element With 
a higher luminance, an external quantum ef?ciency of the 
element is a very important factor. As for a method for 
improving the external quantum ef?ciency, there has been 
proposed a method in Which a light transparent semicon 
ductor substrate is bonded With the light emitting layer 
section so that light directed to the substrate side from the 
light emitting layer section can contribute to light emission. 
HoWever in a case Where a light transparent semiconductor 
substrate is bonded directly With a light emitting layer 
section, there arises a problem since a process therefor is 
generally apt to become complex and the light emitting layer 
section is subject to deterioration due to a necessary bonding 
treatment at a high temperature. 

[0003] A light emitting element having a light emitting 
layer section made of AlGaInP mixed crystal adopts a 
double heterostructure in Which a thin AlGaInP (or GaInP) 
active layer is sandWiched by an n type AlGaInP cladding 
layer and a p type AlGaInP cladding layer, each having a 
bandgap larger than the active layer, thereby enabling a high 
luminance element to be realiZed. Such an AlGaInP double 
heterostructure can be formed by groWing layers made of 
AlGaInP mixed crystals epitaxially on a GaAs single crystal 
substrate using lattice-matching betWeen AlGaInP mixed 
crystal and GaAs. In a case Where the double heterostructure 
is used as a light emitting element, generally, a GaAs single 
crystal substrate is also in many cases used as an element 
substrate as it is. HoWever, since AlGaInP layer mixed 
crystal or a light emitting layer section is larger in band gap 
than GaAs, there is a draWback that emitted light is absorbed 
in the GaAs substrate to cause a suf?cient external quantum 
ef?ciency to be dif?cult to obtain. While in order to solve 
this problem, a method is proposed (for example, in JP A 
95-66455) in Which a re?ective layer made of multiple 
semiconductor layers is inserted betWeen a substrate and a 
light emitting element, a great improvement on external 
quantum ef?ciency cannot be expected in consideration of a 
principle since differences in refractive index betWeen 
stacked semiconductor layers are used, and so only light 
With a limited angle range of incidence is re?ected. 

[0004] On the other hand, according to a very recently 
issued literature (Applied Physics Letters, 75 (1999) 3054), 
a proposal is made on a structure in Which a metal layer 
made of mainly Au is inserted betWeen an light emitting 
layer section having an AlGaInP double heterostructure and 
a silicon single crystal substrate as shoWn in FIG. 14. To be 
concrete, a light emitting element 100 shoWn in FIG. 14 has 
a structure in Which an AuBe layer 103 and an Au layer 104 
are formed as a metal layer 110 on an SiO layer 102 formed 
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by oxidiZing an n type silicon single crystal substrate 101; 
and thereon, further, a p type GaAs cap layer 105, a p type 
AlGaInP cladding layer 106, an AlGaInP active layer 107 
and an n type AlGaInP cladding layer 108 forming a double 
heterostructure; and an electrode 109 made of an AuGeNi/ 
Au layer are formed in the order. Light generated in the 
active layer 107 is re?ected on the Au layer 104 as shoWn in 
FIG. 15. 

[0005] With this structure adopted, since the metal layer 
110 serves as a re?ective mirror, a high re?ectance not 
dependent on an incidence angle can be obtained thereby 
enabling an external quantum ef?ciency to be enhanced to a 
great extent. In this case, hoWever, since the AlGaInP mixed 
crystal layer cannot be groWn directly on the metal layer, the 
folloWing method is adopted. The process goes this Way: 
The silicon single crystal substrate 101 on Which the metal 
layer 110 is formed by vapor deposition and a GaAs single 
crystal substrate on Which a light emitting layer section 
including the AlGaInP double heterostructure 106, 107 and 
108, and the GaAs cap layer 105 is epitaxially groWn are 
separately prepared. Then, both substrates are bonded 
betWeen the metal layer 110 and the cal layer 105 and 
thereafter, the GaAs single crystal substrate is removed, 
folloWed by forming the necessary electrodes to complete an 
element. 

[0006] In the element disclosed in the above literature, a 
silicon single crystal substrate 101 on Which the metal layer 
110 is formed is covered With a thick insulating ?lm 102 
made of SiO; and as shoWn in FIG. 14 current supply to the 
cap layer 105 and the light emitting layer sections 106 to 108 
is performed betWeen the Au layer 104 and the electrode 109 
using a portion exposed on the outer side of the Au layer 104 
and a portion exposed on the outer side of the cap layer 105 
and the light emitting layer sections 106 to 108 as electrodes, 
but not through the insulating ?lm 102. Therefore, in this 
structure, a fault arises that a structure of a terminal lead of 
the element inevitably results in complexity, Which in turn, 
leads to increase in man hours in manufacture and then to a 
higher cost of an element. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide an 
light emitting element excellent in external quantum ef? 
ciency thereof and in addition, not only simple in structure 
of a terminal lead thereof but excellent in convenience; and 
a method for manufacturing the same. 

[0008] In order to solve the above problems, a light 
emitting element of the present invention comprises a con 
ductive substrate, a metal layer, a light emitting layer section 
and a ?rst electrode, Wherein the metal layer, the light 
emitting layer section and the ?rst electrode are formed in 
the order on a ?rst main surface side of a conductive 
substrate and a current can be supplied to the light emitting 
layer section through the ?rst electrode and the conductive 
substrate. 

[0009] According to the above structure, since the metal 
layer is inserted betWeen the substrate and the light emitting 
layer section, a re?ection on the metal layer can be used, 
thereby enabling not only a good external quantum ef? 
ciency to be realiZed, but electrodes or terminals to be 
formed on both sides of the light emitting element. That is, 
dissimilar to the light emitting element of the above litera 
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ture (FIG. 14), no necessity arises for adopting a complex 
structure that the metal layer is exposed on the side of the 
light emitting layer section to form a terminal lead section. 
Therefore, a structure of a terminal lead of an element is 
greatly simpli?ed, thereby enabling doWnsiZing a chip of a 
light emitting element, but also realiZation thereof eXcellent 
in convenience. 

[0010] A direction of current through a stacked layer body 
9 constructed of a conductive substrate 2, a metal layer 3 and 
a light emitting layer section 4 can be any of a direction With 
Which a ?rst electrode side has a negative polarity as shoWn 
in FIG. 1A and a direction With Which the ?rst electrode 
side has a positive polarity as shoWn in FIG. 1B. In this case, 
the order of stacked layers in a heterojunction structure of 
the light emitting layer section 4 is reversed betWeen the 
structures of FIGS. 1A and 1B. 

[0011] The conductive substrate 2 can be made of a 
semiconductor such as silicon single crystal and also of a 
metal such as Al. In a case Where the conductive substrate 
2 is made of semiconductor, as shoWn in FIGS. 1A and 1B, 
a second electrode 6 is formed on a second main surface side 
of the conductive substrate 2 and a second terminal 12 is 
further formed on the second electrode 6. In this case, a 
current ?oWs betWeen the ?rst electrode 5 and the second 
electrode 6. On the other hand, in a case Where the conduc 
tive substrate 2 is made of a metal, since the second terminal 
12 can be formed directly in the conductive substrate 2, the 
second electrode 6 can be omitted. Note that in a case Where 
a semiconductor is adopted as a material of the conductive 
substrate 2, a structure is desirably adopted that the conduc 
tive substrate 2 and the metal layer 3 are put into direct 
contact With each other from the vieW points of current 
supply through the conductive substrate 2 Without any 
trouble and enhancement of a bonding strength betWeen the 
metal layer 3 and the conductive layer 2. 

[0012] The ?rst electrode 5 can be formed so as to cover 
only a part of the surface of the light emitting layer section 
4. In this case, it is possible that of light beams 13 and 14 
generated in the active layer of the light emitting layer 
section 4, at least a part of the light beam 14 directed to the 
metal layer 3 is re?ected on the metal layer 3 and the 
re?ected light 15 is leaked out through a region that is not 
covered With the ?rst electrode 5 on the surface of the light 
emitting layer section, thereby, enabling better eXternal 
quantum ef?ciency to be realiZed. 

[0013] The above light emitting element 1 can be manu 
factured by superimposing the conductive substrate 2 and 
the light emitting layer section 4 on each other betWeen 
bonding surfaces thereof With only the metal layer 3 inter 
posed therebetWeen to apply a bonding treatment to the 
superimposed structure for manufacture. 

[0014] To be concrete, the above light emitting element 1 
can be manufactured according to a manufacturing method 
of the present invention. That is, a method for manufacturing 
a light emitting diode comprises the steps of; groWing the 
light emitting layer section 4 epitaXially on a semiconductor 
single crystal substrate; bonding a ?rst main surface of the 
conductive substrate 2 and a ?rst main surface of the light 
emitting layer section 4 to each other With only the metal 
layer 3 interposed therebetWeen; and separating or removing 
the semiconductor single crystal substrate, Wherein the steps 
are performed in the order. The bonding treatment can be, 
for eXample, a bonding treatment by heating. 
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[0015] In the above method, the conductive substrate 2 
and the light emitting layer section 4 are bonded to each 
other With only the metal layer 3 interposed therebetWeen. 
Dissimilar to the above literature, by bonding the conductive 
substrate 2 and the light emitting layer section 4 to each 
other With only the metal layer 3 interposed therebetWeen, 
but Without interposing an insulating ?lm such as SiO2 or the 
like, not only can a bonding strength be strengthened but a 
good electrical conductive state betWeen the conducive 
substrate 2 and the metal layer 3 can also secured. Espe 
cially, in a case Where the conductive substrate 2 is made of 
silicon single crystal, compound semiconductor single crys 
tal or miXed crystal, a higher boding strength can be assured 
of the substrate and part of the metal layer are bonded to 
form alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIGS. 1A and 1B are model diagrams shoWing 
eXamples of simpli?ed structures of light emitting elements 
of the present invention; 

[0017] FIG. 2 is a model diagram shoWing an eXample of 
concrete stacked layer structure of the light emitting element 
of FIG. 1A; 

[0018] FIGS. 3(a) to 3(a') are descriptive diagrams shoW 
ing a ?rst eXample of a manufacturing process of the light 
emitting element of FIG. 2; 

[0019] FIGS. 4(a) to 4(c) are descriptive diagrams shoW 
ing a second eXample of the manufacturing process; 

[0020] FIGS. 5(a) to 5(c) are descriptive diagrams shoW 
ing a third eXample of the manufacturing process; 

[0021] FIG. 6 is a model diagram shoWing a ?rst eXample 
modi?cation of a metal layer at the light emitting element of 
FIG. 2; 

[0022] FIG. 7 is a model diagram shoWing a second 
eXample modi?cation of the metal layer; 

[0023] FIG. 8 is a model diagram shoWing an eXample of 
a light emitting element using a metal substrate; 

[0024] FIGS. 9(a) and 9(b) are diagrams describing a Way 
that a boW on a light emitting element substrate occurs by 
removing a semiconductor single crystal substrate after 
bonding; 

[0025] FIGS. 10A and 10B are diagrams describing a 
differnce in thickness according to Whether a conductivity 
type of a current spreading layer is p or n; 

[0026] FIG. 11 is a model diagram shoWing an eXample of 
a light emitting element having a cladding layer and a 
current spreading layer in a ?rst electrode side of the n type; 

[0027] FIG. 12 is a model diagram shoWing an eXample of 
a light emitting element, using light transparent, conductive 
substrate and having a light passing section formed in a 
metal layer thereof, together With a function of the light pass 
section; 

[0028] FIGS. 13A to 13C are model diagrams shoWing 
various patterns of a light passing section formed in a metal 
layer; 

[0029] FIG. 14 is a model diagram shoWing a structure of 
a prior art light emitting element; and 
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[0030] FIG. 15 is a model diagram showing a re?ection 
route of light in the light emitting element of FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Description Will be given of embodiments of the 
present invention With reference to the accompanying draW 
ings. 

[0032] FIG. 1A is a conceptual diagram shoWing a light 
emitting element 1, Which is an embodiment of the present 
invention. The light emitting element 1 includes: a metal 
layer 3, a light emitting layer section 4 and a ?rst electrode 
b formed in the order on a ?rst main surface 9 side of a 
conductive substrate 2. The ?rst electrode 5 is formed in 
such a Way to cover only part of a surface of the light 
emitting layer section 4. Furthermore, a second electrode 6 
is formed on a second main surface 8 side of the conductive 
substrate 2 and a current supply to the light emitting layer 
section 4 is performed betWeen the ?rst electrode 5 and the 
second electrode 6 With the light emitting layer section 4 and 
the metal layer 3 interposed therebetWeen (that is through 
the ?rst electrode 5 and the conductive substrate 2). 

[0033] FIG. 2 shoWs a more detailed structure of the light 
emitting element 1. The conductive substrate 2 is an n type 
Si (silicon) single crystal substrate, and the metal layer 3 
includes: a ?rst metal layer 31 formed in contact With the Si 
single crystal substrate 2; an intermediate metal layer 32 in 
contact With the ?rst metal layer 31 on the light emitting 
layer section 4 side; and a second metal layer 33 formed in 
contact With the light emitting layer section 4. The Si single 
crustal substrate 2 is hard to be deformed due to a thermal 
stress and others even in a case of heat bonding described 
later and further easy to form an alloy With some speci?c 
metals (for example Au); therefore, an advantage is enjoyed 
that a bonding structure With a high strength is easy to be 
realiZed. In this case, by forming the ?rst metal layer 31 With 
a metal Whose metal component as a main component is 
easier to be alloyed With Si than a metal component as a 
main component of the intermediate metal layer 32, alloying 
betWeen the metal layer 3 and the Si single crystal substrate 
2 can be restricted so as to occur Within the ?rst metal layer 
31 While suppressing progress of alloying into the interme 
diate metal layer 32. With such a consideration given, 
increase is realiZed in an area fraction of the metal phase on 
a junction interface betWeen the metal layer 3 and the light 
emitting layer section 4, thereby enabling sustenance of a 
good ?atness on the junction interface. Any of the above 
effects contributes to improvement of re?ectance on the 
junction interface. 

[0034] In this case, the ?rst metal layer 31 can be made of 
a metal Whose metal component as a main component has a 
loWer eutectic temperature of a solid solution With Si than a 
metal component as a main component of the intermediate 
metal layer 32. With the ?rst metal layer 31 having a main 
component that forms an eutectic at a comparatively loW 
temperature betWeen silicon having a high melting point 
adopted, a heat bonding temperature can be loWer, Which 
can produce a state Where degradation of the light emitting 
layer 4 or other inconveniences occurs only With dif?culty. 
As a concrete example, the ?rst metal layer 31 can be made 
of an Au layer or an AuGe alloy (for example, With a Ge 
content of the order of 12 Wt %) layer including Au as a main 
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component and the intermediate metal layer 32 can be made 
of an Al layer or an Al alloy layer including Al as a main 
component. An eutectic temperature of a solid solution of Au 
and Si is about 363° C. and a eutectic temperature of a solid 
solution of Al and Si is about 557° C. Note that it is desirable 
to form the intermediate metal layer 32 With a metal Whose 
metal component as a main component forms, With the 
loWest chance, an eutectic having a loW melting point With 
Au from the vieW point of realiZation of difficulty in exerting 
an in?uence of alloying betWeen the intermediate metal 
layer 32 and the Si single crystal substrate 2 on the inter 
mediate metal layer 32. Al is desirable as a main component 
of the intermediate metal layer 32 in this respect. In addition 
to Al, as a candidate component that can be adopted, there 
can be exempli?ed: Ag, Cu, Ni, Pd, PL or the like. 

[0035] Note that, the Si single crystal substrate 2 desirably 
adopts a structure in Which high concentration doped layers 
2a are formed at the ?rst and second main surface sides (for 
example, a double sided diffusion Wafer obtained by thermal 
diffusion to a high dopant concentration) in order to enhance 
ohmic contact With the metal layer 3 and the second elec 
trode 6. Alternatively, a substrate doped With, for example, 
As or B to a high concentration can be used as the Si single 
crystal substrate 2. In this embodiment, there is adopted an 
n type Si single crystal substrate 2 having n type doped 
layers 2a at respective both surfaces thereof. 

[0036] Then, in this embodiment, there is formed the 
second metal layer 33 in contact With the n type AlGaInP 
cladding layer 41, re?ecting light from the light emitting 
layer section betWeen the intermediate metal layer 32 and 
the light emitting layer section 4. 

[0037] As a material of the second metal layer 33, there 
can be exempli?ed a layer made of a metal including Au as 
a main component. In this embodiment, the second metal 
layer 33 is formed With an Au—Ge alloy. AGe content in the 
Au—Ge alloy in use is preferably in the range of from 1 to 
3 mass %. Furthermore, the second metal layer 33 can also 
be an Au layer. 

[0038] Then, the light emitting layer section 4 can have a 
double heterostructure layer including: a ?rst conductive 
type cladding layer 43 located in the ?rst electrode 5 side; a 
second conductivity type cladding layer 41 located in the 
metal layer 3 side; and an active layer 42 formed betWeen 
the ?rst conductivity type cladding layer 43 and the second 
conductivity type cladding layer 41. With such structure 
adopted, holes and electrons injected from both cladding 
layers 43 and 41 are recombined With good ef?ciency in a 
situation Where the holes and electrons are con?ned in a 
narroW space Within the active layer 42, thereby enabling 
realiZation of an element With a high luminance. Note that 
in order to enhance an external quantum ef?ciency due to 
re?ection, the second conductivity type cladding layer 41 
and the metal layer 3 are preferably formed in direct contact 
With each other. In order to loWer an operating voltage, 
hoWever, a thin ?lm doped at a high concentration can be 
inserted betWeen the second conductivity type cladding 
layer 41 and the metal layer 3. 

[0039] A double heterostructure layer can be made of, to 
be concrete, AlGaInP mixed crystal. To be more concrete, a 
structure can be adopted in Which the active layer 42 made 
of AlGaInP mixed crystal or GaInP mixed crystal is sand 
Wiched by the p type AlGaInP cladding layer 43 and the n 
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type AlGaInP cladding layer 41. An AlGaInP is of a direct 
transition type and a semiconductor having a large bandgap, 
and injected holes and electrons are con?ned Within the 
narroW active layer 42 due to energy barriers caused by 
bandgap differences from the cladding layers 43 and 41 
formed on both sides of the active layer 42 so as to ef?ciently 
recombine, thereby enabling realiZation of a very high 
emission ef?ciency. Furthermore, by adjusting a composi 
tion of the active layer 42, emission Wavelengths can be 
created over a Wide range from a green region to a red 
region. In the light emitting element 1 of FIG. 2, the p type 
AlGeInP cladding layer 43 is disposed in the ?rst electrode 
5 side and a polarity in current supply is to be positive in the 
?rst electrode 5 side. 

[0040] Then, a current spreading layer 44 of the same 
conductivity type as that of the ?rst conductivity type 
cladding layer 43 is formed betWeen the ?rst electrode 5 and 
the ?rst conductivity type cladding layer 43. Since the ?rst 
electrode 5 is formed so as to cover only part of a surface of 
the light emitting layer section 4, current can be diffused so 
as to be uniform laterally over the double heterostructure 
layer 41, 42 and 43 With the help of the current spreading 
layer 44 formed, thereby enabling a high luminance emis 
sion state over a region not covered With the ?rst electrode 
5. As a result, intensities of not only a direct light in the 
region but also re?ected light by the metal layer 3 are 
enhanced and thus enhanced light can be ef?ciently taken 
out Without obstruction by the ?rst electrode 5, thereby 
enabling enhancement of emission luminance from the 
element as a Whole. 

[0041] The current spreading layer 44 can be made of 
either AlGaAs miXed crystal or AlGaAsP miXed crystal. 
Since the AlGaAs miXed crystal of the AlGaAsP miXed 
crystal has a small difference in lattice constant from GaAs 
and a degree of lattice matching With a GaAs single crystal 
substrate is high, good lattice matching can be advanta 
geously ensured When an AlGaInP miXed crystal is epitaXi 
ally groWn thereon. In the embodiment of FIG. 2, the 
current spreading layer 44 is formed With p type AlGaAsP 
miXed crystal doped With an impurity to a high concentra 
tion. 

[0042] Note that in the light emitting element 1 of FIG. 2, 
the folloWing numerical values can be exempli?ed as an 
actual eXample of thickness values of the respective layers: 
200 nm for the ?rst metal layer 31, 100 nm for the inter 
mediate metal layer 32; 200 nm for the second metal layer 
33; 1000 nm for the n type AlGaInP cladding layer 41, 600 
nm for the AlGaInP active layer 42, 1000 nm for the p type 
AlGaInP cladding layer 43 and 1000 nm for the p' type 
AlGaAsP current spreading layer 44. Furthermore, for 
eXample, the ?rst electrode 5 can be made of an Au layer and 
an AuBe layer, the second electrode 6 can be made of a Ni 
layer and thickness values thereof can be set on the order of 
1000 nm. 

[0043] Description Will be given of a method for manu 
facturing the light emitting element 1 of FIGS. 1A and 1B 
beloW: 

[0044] First, as shoWn in FIG. 3(a), the p- type AlGaAsP 
current spreading layer 44, the p type AlGaInP cladding 
layer 43, the AlGaInP active layer 42, and the n type 
AlGaInP cladding layer 41 are epitaXially groWn in the order 
as the light emitting layer section 4 on a ?rst main surface 
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81 of a GaAs single crystal substrate 61, Which is a semi 
conductor single crystal substrate. The epitaXial groWth of 
the layers can be performed by means of a metalorganic 
vapor phase epitaXy (MOVPE) method. 

[0045] Then, as shoWn in FIG. 3(b), the AuGe layer (the 
second metal layer) 33, the Al layer (the intermediate metal 
layer) 32 and the Au layer (the ?rst metal layer) 31 are 
formed in the order as the metal layer 3 on the n type 
AlGaInP cladding layer 41 of the light emitting layer section 
4. Formation of the layers can be effected by means of a 
publicly knoWn physical vapor deposition method, for 
eXample a vacuum vapor deposition method, a sputtering 
method or the like. Then, a multilayer substrate 63 including 
the metal layer 3 thus having been formed is superimposed 
on the Si single crystal substrate 2 betWeen the metal layer 
3 side and the ?rst main surface 7 of the single crystal 
substrate 2 (FIG. 3(c)) and thereafter, the superimposed 
substrates are heated at a temperature in the range of 300° C. 
to 500° C. to thus perform a bonding treatment. Heating is 
performed in, for eXample, a nitrogen atmosphere. By doing 
so, the Au layer 31 is bonded to the main surface 7 of the Si 
single crystal substrate 2. The bonding treatment is prefer 
ably performed at a temperature a little higher than, for 
eXample, the Au—Si eutectic temperature (for eXample, a 
little higher or loWer than the range of 370° C. to 400° C.). 

[0046] At the above bonding treatment temperature, part 
of the Au layer 31 on the Whole thereof is subjected to an 
eutectic reaction With Si of the Si single crystal substrate 2 
in the bonding to form an Au—Si alloy layer. A composition 
of the formed Au—Si alloy is, for example, 2 to 6 mass % 
Si and the balance of Au. On the other hand, A1 of the Al 
layer 32 forms intermetallic compounds of various compo 
sitions With Au and any of the intermetallic compounds 
produces no liquid phase from an eutectic reaction at a 
temperature in the range of 300° C. to 500° C. as a bonding 
temperature; therefore, alloying With Au is comparatively 
hard to occur. As a result, an in?uence of alloying betWeen 
the Au layer 31 and Si in the boding treatment is a hard to 
act on the Au—Ge layer 33 of the second metal layer 33, 
thereby enabling enhancement of light re?ecting capability 
of the Au—Ge layer 33. 

[0047] When the bonding treatment ends, as shoWn in 
FIG. 3(c), the GaAs single crystal substrate 61 is removed, 
thereby obtaining a light emitting element substrate 1a of a 
multilayer structure. Removal of the GaAs single crystal 
substrate 61 can be performed by, for eXample, chemical 
etching. On the other hand, a process may be adopted in 
Which as shoWn in FIG. 5(a), a separation groWth layer 62 
is formed in advance betWeen the light emitting layer section 
4 and the GaAs single crystal substrate 61 as a semicon 
ductor single crystal substrate and after the light emitting 
layer section 4 is bonded to the Si single crystal substrate 2, 
Which is a conductive substrate, With the metal layer 3 
interposed therebetWeen as shoWn in FIG. 5(b), the sepa 
ration groWth layer 62 is selectively removed, as shoWn in 
FIG. 5(c), thereby enabling separation of the light emitting 
layer section 4 from the GaAs single crystal substrate 61. In 
this case, the separation groWth layer 62 can be epitaXially 
groWn on the GaAs single crystal substrate 61 and is 
desirably made of a material higher in solubility in a speci?c 
etching liquid than the light emitting layer section 4. 

[0048] For eXample, in a case Where the current spreading 
layer 44 is made of AlGaAs miXed crystal, the separation 
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growth layer 62 can be made of AlAs single crystal layer. In 
this case, a solution of sulfuric acid/hydrogen peroxide 
(H2SO4/H2O2/H2O) is preferably used as an etching liquid. 
The etching liquid shoWs almost no corrosiveness to 
AlGaAs mixed crystal of the current spreading layer 44 or 
AlGaInP mixed crystals of the double heterostructure layer 
41, 42, and 43, Whereas it shoWs a conspicuous corrosive 
ness to an AlAs single crystal layer. Therefore, by immersing 
the multilayer bonded substrate 67 formed including the 
separation groWth layer 62 into the etching liquid, the 
separation groWth layer 62 is selectively dissolved and 
removed, thereby enabling separation of the GaAs single 
crystal substrate 61 With ease. 

[0049] The ?rst electrode 5 is formed on the current 
spreading layer 44 side of the light emitting element sub 
strate 1a Without the GaAs single crystal substrate 61, 
having been removed and separated from the multilayer 
bonded substrate, the second electrode 6 is formed on the 
second main surface 8 side of the Si single crystal substrate 
2, folloWed by dicing, thereafter the semiconductor chips are 
?xed on supports, and further, lead lines are Wire-bonded 
thereon and resin-encapsulation is performed, thereby 
obtaining the light emitting element 1 shoWn in FIG. 2. 

[0050] In the bonding treatment in the embodiment shoWn 
in FIGS. 3(a) to 3(a), the metal layer 3 formed in contact 
With a ?rst main surface side of the light emitting layer 
section 4 is bonded to the ?rst main surface 7 of the 
conductor substrate 2. On the other hand, the bonding 
treatment may be performed in a Way that as shoWn in FIG. 
4(a), the metal layer 3 formed in contact With the ?rst main 
surface 7 of the conductive substrate 2 is bonded to the ?rst 
main surface 82 side of the light emitting layer section 4. In 
this embodiment, the Au layer 31, the Al layer 32 and the 
AuGe layer 33 are in advance stacked in the order as the 
metal layer 3 on the ?rst main surface 7 of the Si single 
crystal substrate 2 and the metal layer 3 is put into direct 
contact With the ?rst main surface 82 of the light emitting 
layer section 4 to heat, thereby completing the bonding 
treatment. 

[0051] Furthermore, the bonding treatment can also be, as 
shoWn in FIG. 4(b), performed in a Way that the metal layers 
32 and 33 formed in contact With the ?rst main surface 82 
of the light emitting layer section 4 are bonded With the 
metal layer 31 formed in contact With the ?rst main surface 
7 of the Si single crystal substrate 2, Which is a conductive 
substrate. In the embodiment shoWn in the ?gure, a bonding 
interface is formed betWeen the Al layer 32 serving as the 
intermediate layer and the Au layer 31 serving as the ?rst 
metal layer. For example, at a bonding temperature, Au of 
the Au layer 31 and Si of the Si single crystal substrate 2 
react With each other to generate at eutectic melt and to 
cause the eutectic melt to be in Wet contact With the Al layer 
32, thereby enabling a good bonded state to be obtained. 

[0052] Note that as shoWn in FIG. 6 and FIG. 7, various 
modi?cations can be tried on a structure of the metal layer 
3. In a light emitting element 200 of FIG. 6, the metal layer 
3 is made of only the Au layer 33. The Au layer 33, hoWever, 
is at least partly transformed into an Au—Si alloy. A light 
emitting element 210 of FIG. 7 is an example in Which the 
metal layer 3 is of a tWo layer structure; the AuGe alloy layer 
33 located in the light emitting layer section 4 side and the 
Au layer 31 located in the Si single crystal substrate 2 side. 
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In any of the cases, a treatment temperature is preferably set 
to a temperature in the vicinity of the eutectic temperature of 
a solid solution if Si—Au or to a temperature a little loWer 
than a temperature in the vicinity thereof, for the bonding 
treatment. 

[0053] While, in each of the light emitting elements 1, 200 
and 210 of respective FIGS. 2, 6 and 7, there is shoWn an 
example in Which the ?rst conductivity cladding layer and 
the current spreading layer are both or the p type, a structure 
is also enabled as shoWn in FIG. 11 in Which the ?rst 
conductivity cladding layer and the current spreading layer 
are both of the n type. In the light emitting element 230, the 
Au layer (the ?rst metal layer) 31, the Al layer (the inter 
mediate metal layer) 32 and the AuBe layer (the second 
metal layer) 33‘ are formed in the order as the metal layer 3‘ 
on the ?rst main surface 7 of the Si single crystal substrate 
2. Furthermore, a light emitting layer section 4‘ is con 
structed from the p type AlGaInP cladding layer 43, the 
AlGaInP active layer 42, the n type AlGaInP cladding layer 
41 and the n- type AlGaAs current spreading layer 44‘ in the 
order starting from the metal layer 3‘ side. The stacking 
order of the layers 41, 42, and 43 of the light emitting 
element 230 is inversion of the light emitting element 1 of 
FIGS. 1A and 1B and a current polarity is negative on the 
?rst electrode 3 side. 

[0054] An advantage from adoption of the structure is as 
folloWs: That is, as shoWn in FIG. 9, if a composite obtained 
by groWing the light emitting layer section 4 epitaxially on 
the GaAs single crystal substrate 61 is bonded to the Si 
single crystal substrate 2 With the metal layer 3 interposed 
therebetWeen and thereafter the GaAs single crystal sub 
strate 61 is removed, a boW in some cases occurs in the light 
emitting substrate thus obtained as shoWn in FIG. 9(b). A 
cause for generating a boW is as folloWs: That is, as shoWn 
in FIG. 10A, an elastic strain associated With lattice mis 
matching betWeen the GaAs single crystal substrate 61 and 
the AlGaAs current spreading layer 44 groWn epitaxially 
thereon, arises in the AlGaAs current spreading layer 44. To 
be concrete, since a lattice constant of AlAs is a little larger 
than that of GaAs, an elastic strain in a compression direc 
tion in a crystal lattice plane arises in the AlGaAs current 
spreading layer 44. When the GaAs single crystal substrate 
61 is removed, the elastic strain in the AlGaAs current 
spreading layer 44 is released so as to extend a lattice in a 
direction in the lattice plane, With the result that a boW 
occurs as shoWn in FIG. 9(b) so as to be convex to the 
AlGaAs current spreading layer 44 side in the light emitting 
element substrate. If such a boW occurs, there arises a case 
Where cracking is introduced into the light emitting layer, 
Which is not preferable. 

[0055] The current spreading layer 44 of the n type in 
Which a majority carriers are electrons can obtain a suf?cient 
current spreading effect With a smaller thickness than the 
layer 44 of the p type in Which a majority carriers are holes 
each having a larger effective mass. Therefore, the AlGaAs 
current spreading layer obtained by epitaxial groWth on the 
GaAs single crystal substrate 61 can be thinner in a case of 
the n type (44‘), as shoWn in FIG. 10B, than in a case of the 
p type (44), as shoWn in FIG. 10A. If a thickness of the 
AlGaAs current spreading layer is smaller, an elastic strain 
energy to be released When the GaAs single crystal substrate 
61 is removed is also smaller and a boW of the substrate 
observed as a result of a Work by the released energy can be 
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thereby smaller. That is, With a structure in Which the ?rst 
conductivity cladding layer and the current spreading layer 
are both of the n type adopted, a bow arising in the light 
emitting element substrate can be alleviated. 

[0056] A thickness of the current spreading layer 44‘ of n 
type AlGaAs mixed crystal or AlGaAsP mixed crystal doped 
at a high concentration is preferably in the range of 10 nm 
to 100 nm. Thickness values of the other layers can be values 
similar to the light emitting element 1 of FIG. 2. 

[0057] Note that by properly selecting a composition of 
the current spreading layer 44 to increase a valence band 
discontinuity betWeen the current spreading layer 44 and the 
cladding layer adjacent thereto, a current spreading effect at 
the heterojunction interface in the light emitting layer sec 
tion 4 can be enhanced. In this case, a thickness of the 
current spreading layer 44 can be smaller, Which is effective 
for prevention of boW generation in the light emitting 
element substrate. 

[0058] Then, as shoWn in FIG. 8, a metal can also be used 
as a material of a conductive substrate instead of a semi 
conductor such as Si single crystal or the like. In the light 
emitting element 220 shoWn in FIG. 8, the Al substrate 21 
is used as the conductive substrate 2. As the metal layer 3, 
a tWo layer structure is adopted in Which the Au layer 31 is 
disposed in the Al substrate 21 side and the Au—Ge alloy 
layer 33 is disposed in the light emitting layer section 4 side. 
The second electrode can be omitted by using a metal as the 
conductive substrate. Note that properties of the metal used 
as the conductive substrate 2 can also be obtained from Sn 
in use instead of A1. 

[0059] Note that While in the embodiment shoWn in FIGS. 
4 to 11, the current spreading layer is made of an AlGaAs 
mixed crystal, an AlGaAsP mixed crystal may be used 
similarly to FIG. 2. 

[0060] Moreover, While in the embodiment described 
above, the conductive substrate 2 is made of a material 
having substantially no light transparency such as Si single 
crystal or a metal, it can be made of a material having light 
transparency as in a case of the light emitting element 240 
shoWn on FIG. 12. In this case, a light pass section 141 can 
be formed in the metal layer 3. With the light pass section 
141 provided, as external quantum ef?ciency can be 
enhanced by both contributions of re?ected light on the 
metal layer 3 and transmitted light directed into the light 
transparent, conductive substrate 22 side through the light 
pass section 141. In this case, if the second main surface 8 
of the light transparent, conductive substrate 22 is covered 
With the metal second electrode 6, there can also be expected 
contribution of re?ected light on the surface of the second 
electrode 6 to improvement on external quantum ef?ciency. 
As the light transparent, conductive substrate 22, there can 
be used, for example, a GaP substrate. Furthermore, a 
stacked layer structure including the light emitting layer 
section 4 and the metal layer can be similar to FIGS. 2, 7 and 
11 except that the light pass section 141 is formed in the 
metal layer 3. 

[0061] In order to form the light pass section 141 in the 
metal layer 3, a method can be adopted in Which the metal 
layer 3 is patterned by means such as masking or the like in 
layer formation. For example, as shoWn in FIG. 13A, the 
metal layer 3 can be patterned in an arrangement of straight 
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line segments as to form the light pass section 141 as slits 
betWeen metal layer regions, each of Which shape is a 
straight line, disposed in parallel to each other. Moreover, as 
shoWn in FIG. 13B, the metal layer 3 can also be patterned 
in a mesh so as form the light pass section 141 as square 
holes in the mesh. Still moreover, as shoWn in FIG. 13C, if 
the metal layer is patterned as distributed dotes or islands, 
surrounding areas around the individual metal layer regions 
can b used as the light pass section 141. What is claimed is: 

1. A light emitting element comprising a conductive 
substrate, a metal layer, a light emitting layer section and a 
?rst electrode, Wherein the metal layer, the light emitting 
layer section and the ?rst electrode are formed in the order 
on the ?rst main surface side of the conductive substrate and 
a current can be applied to the light emitting layer section 
through the ?rst electrode and the conductive substrate. 

2. The light emitting element according to claim 1, 
Wherein the conductive substrate is a silicon single crystal 
substrate and a second electrode is formed on a second main 
surface side of the silicon single crystal substrate. 

3. The light emitting element according to claim 2, 
Wherein the metal layer is formed in direct contact With the 
silicon single crystal substrate. 

4. The light emitting element according to claim 3, 
Wherein the metal layer is made of a metal including Au as 
a main component. 

5. The light emitting element according to claim 3, 
Wherein the metal layer includes a ?rst metal layer in contact 
With the silicon single crystal substrate and a second metal 
layer in contact With the light emitting layer section. 

6. The light emitting element according to claim 5, 
Wherein the metal layer further includes an intermediate 
metal layer in contact With the ?rst metal layer betWeen the 
?rst metal layer and the second metal layer, and the ?rst 
metal layer of a metal Whose metal component as a main 
component is easier to be alloyed With silicon than a metal 
component as a main component of the intermediate metal 
layer. 

7. The light emitting element according to claim 6, 
Wherein the ?rst metal layer is made of a metal Whose metal 
component a a main component has a loWer eutectic tem 
perature of a solid solution With silicon than a metal com 
ponent as a main component of the intermediate metal layer. 

8. The light emitting element according to claim 7, 
Wherein the ?rst metal layer is made of a metal including Au 
as a main component and the intermediate layer is made of 
a metal including Al as a main component. 

9. The light emitting element according to claim 5, 
Wherein the second metal layer is made of a metal including 
Au as a main component. 

10. The light emitting element according to claim 1, 
Wherein the second metal layer is made of a metal including 
Au as a main component. 

11. The light emitting element according to claim 1, 
Wherein the conductive substrate is made of a material 
having light transparency and a light pass section is formed 
in the metal layer. 

12. The light emitting element according to claim 11, 
Wherein the conductive substrate having light transparency 
is a GaP substrate. 

13. The light emitting element according to claim 1, 
Wherein the light emitting layer section has a double het 
erostructure layer including: a ?rst conductivity type clad 
ding layer located in the ?rst electrode side; a second 
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conductivity type cladding layer located in the metal layer 
side; and an active layer formed betWeen the ?rst conduc 
tivity type cladding layer and the second conductivity type 
cladding layer and further has a ?rst conductivity type 
current spreading layer formed betWeen the ?rst electrode 
and the ?rst conductivity type cladding layer. 

14. The light emitting element according to claim 13, 
Wherein the ?rst conductivity type cladding layer and the 
current spreading layer are both of the p type. 

15. The light emitting element according to claim 13, 
Wherein the double heterostructure layer is made of AlGaInP 
mixed crystal and the current spreading layer is made of 
AlGaAs mixed crystal or AlGaAsP miXed crystal. 

16. The light emitting element according to claim 14, 
Wherein the double heterostructure layer is made of AlGaInP 
miXed crystal and the current spreading layer is made of 
AlGaAs miXed crystal or AlGaAsP miXed crystal. 

17. A method for manufacturing a light emitting diode 
comprising the steps of; 

groWing a light emitting layer section epitaXially on a 
semiconductor single crystal substrate; 

bonding a ?rst main surface of a conductive substrate and 
a ?rst main surface of the light emitting layer section to 
each other With only a metal layer interposed therebe 
tWeen; and 

separating or removing the semiconductor single crystal 
substrate, Wherein the steps are performed in the order. 

18. The method for manufacturing a light emitting ele 
ment according to claim 17, Wherein a separation groWth 
layer is formed in advance betWeen the light emitting layer 
section and the semiconductor single crystal substrate, and 
after the light emitting layer section is bonded to the 
conductive substrate With the metal layer interposed ther 
ebetWeen, the separation groWth layer is selectively 
removed to thereby separate the semiconductor single crys 
tal substrate from the light emitting layer section. 

19. The method for manufacturing a light emitting ele 
ment according to claim 17, Wherein the bonding treatment 
is a bonding treatment by heating. 
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20. The method for manufacturing a light emitting ele 
ment according to claim 18, Wherein the bonding treatment 
is a bonding treatment by heating. 

21. The method for manufacturing a light emitting ele 
ment according to claim 13, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface of the conductive substrate to a ?rst 

main surface of the light emitting layer section. 
22. The method for manufacturing a light emitting ele 

ment according to claim 20, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface of the conductive substrate to a ?rst 
main surface of the light emitting layer section. 

23. The method for manufacturing a light emitting ele 
ment according to claim 19, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface of the light emitting layer section 
to a ?rst main surface of the conductive substrate. 

24. The method for manufacturing a light emitting ele 
ment according to claim 20, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface of the light emitting layer section 
to a ?rst main surface of the conductive substrate. 

25. The method for manufacturing a light emitting ele 
ment according to claim 19, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface to the light emitting layer section to 
a metal layer formed in contact With a ?rst main surface of 
the conductive substrate. 

26. The method for manufacturing a light emitting ele 
ment according to claim 20, Wherein the bonding treatment 
is performed by bonding a metal layer formed in contact 
With a ?rst main surface of the light emitting layer section 
to a metal layer formed in contact With a ?rst main surface 
of the conductive substrate. 


